Cyclic-AMP-dependent phosphorylation of voltage-sensitive sodium channels in primary cultures of rat brain neurons.
We have studied cAMP-dependent phosphorylation of sodium channels in rat brain neurons maintained in primary culture. In back phosphorylation studies, cells were treated with drugs to increase intracellular cAMP and sodium channels were solubilized and isolated by immunoprecipitation. Surface and intracellular pools of sodium channels were isolated separately. Purified channels were then phosphorylated with [gamma-32P]ATP by the catalytic subunit of cAMP-dependent protein kinase to incorporate 32P into available cAMP-dependent phosphorylation sites. The amount of 32P incorporated in vitro is inversely proportional to the extent of endogenous phosphorylation. Incubation of cells with forskolin (0.1-100 microM), 8-Br-cAMP (0.1-10 mM), or isobutylmethylxanthine (0.01-1.0 mM) inhibited subsequent incorporation of 32P into isolated sodium channels by 70-80%, indicating that treatment of cells with these drugs had increased endogenous phosphorylation to nearly maximum levels. The phosphopeptides phosphorylated in vivo and in vitro were identical. To examine the magnitude of basal phosphorylation and the extent of stimulated phosphorylation, the amount of 32P incorporated into sodium channels from control and stimulated cells was compared to that from matched samples which had been dephosphorylated with calcineurin. Sodium channels from control cells incorporated approximately 2-fold more 32P after dephosphorylation, indicating that cAMP-dependent sites on the channel are at least 47% phosphorylated in the basal state. Sodium channels from forskolin-treated cells incorporated 7-8-fold more 32P after dephosphorylation, indicating that cAMP-dependent phosphorylation sites are 80-90% phosphorylated after stimulation. Cell surface and intracellular pools of sodium channels were phosphorylated similarly. In cells metabolically labeled with 32P, cell surface sodium channels incorporated 2.7 mol of phosphate/mol of channel. Forskolin stimulated 32P incorporation into sodium channels 1.3-fold, consistent with the results obtained by back phosphorylation. We conclude that the rat brain sodium channel is substantially phosphorylated in both the cell surface and intracellular pools in vivo in unstimulated rat brain neurons, and the extent of phosphorylation is increased to 80-90% of maximum phosphorylation by agents that elevate intracellular cAMP.